Introduction
are clonally expanded prior to light chain rearrangement. 3 In addition, pre-BCR signaling is also important for inhibiting the expression of Rag1 and Rag2, thus facilitating the maintenance of allelic exclusion of the heavy chain locus. 4 Moreover, pre-BCR signaling increases the accessibility of the light chain loci, thereby promoting light chain rearrangement and transcription. 5 The initial burst of cell proliferation at the large pre-B-cell stage and the subsequent passage into the quiescent, small pre-B-cell stage are critical events in pre-B-cell development. Disruption of the transition from large, cycling pre-B cells to small, resting pre-B cells often leads to a block in pre-B-cell development. 6 -8 However, the molecular mechanisms that control pre-B-cell expansion, and therefore, the transition from cycling pre-B to resting pre-B cells, are still not clear. It has been shown that the pre-BCR is only expressed on cycling pre-B cells but not on small, resting pre-B cells. 9 Thus, down-regulation of pre-BCR has been linked to cessation of cell proliferation and cell-cycle withdrawal. 3 , 10 Ikaros and Aiolos are members of the Ikaros family of transcription factors.
members of the Ikaros family. The N-terminal domain of Ikaros family
proteins is responsible for DNA binding, whereas the C-terminal domain is involved in dimerization. The formation of Ikaros homo-and heterodimers through the C-terminal dimerization domain increases their affinity for DNA. 12 , 13 It has been demonstrated that expression of Ikaros and Aiolos are increased in pre-B cells relative to pro-B cells, suggesting that Ikaros and Aiolos may play an important role in pre-B-cell development. 14 Indeed, Aiolos has been shown to be directly involved in the silencing of the λ5 gene in pre- 
Methods

Mice
IRF4 and IRF8 compound mutant mice (IRF4,8 −/− ) have been previously described. 6 The mice were bred and maintained under specific pathogenfree conditions. Experiments were performed according to guidelines from the National Institutes of Health and with an approved Institutional Animal
Care and Use Committee (IACUC) protocol from the University of Nebraska Medical Center. Mice of 6 to 10 weeks of age were used for this study.
FACS analysis and cell sorting
Cells were preincubated with either 2% rat serum or Fc-Block (2.4G2), and stained with optimal amounts of specific antibodies, either biotinylated or 
Pre-B-cell culture
Pre-B-cell cultivation was carried out as described before. 23 
Retroviral constructs and retroviral infection
IRF4 and IRF8 retroviral-expressing vectors have been described before. 23 The inducible IRF4 and IRF8 fusion proteins were generated by fusing 
Cell-cycle analysis with Hoechst dye
Cell-cycle analysis with live cells was conducted using Hoechst 33342, 
Western blot analysis
The sorted GFP + cells and cultivated wild-type pre-B cells were lysed and used for Western blot analysis. The signals were visualized using the SuperSignal West Dura HRP Detection kit (Pierce, Rockford, IL). Antibodies directed against IRF4 (M-17), IRF8 (C-19), Ikaros (H-100), and β-actin (AC-15) were obtained from Santa Cruz Biotechnology (Santa Cruz, CA).
Real-time PCR analysis
The cells were lysed using Trizol. Total RNA was extracted and reversetranscribed with a single-strand cDNA synthesis kit (GE Healthcare, Little
Chalfont, United Kingdom). Quantitative real-time polymerase chain reaction (PCR) analysis was carried out in a 7500 real-time PCR system (Applied Biosystems [ABI], Foster City, CA) using SYBR Green PCR Core Reagents (ABI). All samples were tested in triplicate, and average CT values were calculated and normalized to the housekeeping gene GAPDH. Each primer set was independently repeated 3 times, and average values and standard deviations were calculated. The sequences of primers used in this study are described in detail in Table S1 (available on the Blood website; see the Supplemental Materials link at the top of the online article).
Results
IRF4,8 suppress SLC expression and down-regulate pre-BCR in pre-B cells
Previous studies have shown that IRF4,8 −/− pre-B cells express high levels of SLC gene λ5 and Vpre-B and fail to down-regulate pre-BCR. 6 To determine 
IRF4,8 induce the expression of Ikaros and Aiolos in pre-B cells
It has been shown that compared with pro-B cells, expression of Ikaros and
Aiolos is elevated in pre-B cells. 14 Moreover, Aiolos has been shown to be critical in the silencing of the λ5 gene. Figure 3A) . It has been reported that Aiolos is a more potent transcriptional regulator than Ikaros. 14 Consistent with this report, our results show that Aiolos is found to be more potent than karos at down-regulation of pre-BCR ( Figure 3A) . However, IRF4 is found to be the strongest suppressor of pre-BCR expression ( Figure 3A ). In contrast, n GFP lo-int cells, expression of pre-BCR is not significantly affected by Ikaros or Aiolos (data not shown).
Our result suggests that the expression level of Ikaros and Aiolos may be critical for the down-regulation of pre-BCR. To confirm this conclusion, we Indeed, the numbers of pre-B cells are dramatically increased in Aiolos −/− mice, suggesting that there is a defect in pre-B-cell proliferation and that
Ikaros alone is not sufficient to terminate pre-B-cell expansion. 36 Similarly, our results predict that Aiolos by itself also would be insufficient to rein in pre-B-cell expansion. In addition, our results also show that IRF4 appears to be more potent than either Aiolos or Ikaros alone at down-regulating pre-BCR.
This finding would suggest that either down-regulation of pre-BCR is more efficient in the presence of both Ikaros and Aiolos or, that IRF4 also uses Ikaros-and Aiolos-independent pathways to facilitate pre-BCR downregulation.
Our previous studies have demonstrated that IRF4,8 promote light chain rearrangement and transcription. 23 In this study, we show that unlike the 
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